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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an antenna 
structure used in a communication device, such as a 
folding cellular phone terminal, a method of using the 
antenna structure and the communication device. 

Related Art of the Invention 

[0002] Downsizing and slimming of cellular phone ter- 
minals are being rapidly advanced. In addition, incorpo- 
ration of an antenna of a cellular phone terminal into a 
housing thereof is a world trend. 
[0003] Figure 19 shows a configuration of an internal 
antenna of a conventional cellular phone terminal. 
[0004] Figure 19 (a) is a schematic perspective view 
of the internal antenna of the conventional cellular 
phone terminal, and Figure 19(b) is a side view thereof. 
In Figures 19 (a) and 19 (b) , an antenna element 1201 
is to send or receive radio wave from the cellular phone 
terminal or from another cellular phone terminal, and a 
shielding case 1206 and a radio circuit for communica- 
tion 1207 housed in the shielding case 1206 are dis- 
posed on a substrate 1202. An LCD 1203 is to display 
information processed in the cellular phone terminal. 
[0005] The antenna element 1201 is supplied with 
power from a feeding point 1204 on the substrate 1202 
and has an end electrically connected to a part of the 
substrate 1202 via a conductive connection 1205. Here, 
the part of the substrate 1202 and the shielding case 
1206 are electrically connected to each other and form 
a bottom board of the antenna element 1201 . Thus, the 
antenna element 1201, the part of the substrate 1202 
and the shielding case 1206 constitutes the internal an- 
tenna. 

[0006] Such a cellular phone terminal has gone be- 
yond serving as a telephone and has been transformed 
to data terminal equipment that enables transmission of 
e-mails, browsing of WWW web pages or the like. Thus, 
upsizing of the display thereof is being promoted. 
[0007] Under such circumstances, the folding cellular 
phone terminal has become popular because it is con- 
sidered to be suitable for downsizing and display upsiz- 
ing. 

[0008] Conventionally, the folding cellular phone ter- 
minal includes a whip antenna, in addition to the internal 
antenna. The internal antenna and the whip antenna are 
used when the cellular phone terminal is folded and 
when it is not folded, respectively. In general, the imped- 
ances of the antennas differ according to whether the 
cellular phone is folded or not. Thus, the internal anten- 
na and the whip antenna are adjusted to accommodate 
the difference in impedance, so that th folding cellular 
phone terminal has a good antenna characteristic both 



when it is folded and when it is not folded. 
[0009] Figures 20(a)-20(b) show configurations of 
parts of the folding cellular phone terminal associated 
with the internal antenna. Figure 20 (a) is a front view of 
5 the folding cellular phone terminal and Figure 20(b) is a 
side view thereof. 

[0010] The folding cellular phone terminal has an up- 
per housing 102 and a lower housing 103 coupled with 
each other by a hinge part 104, and is configured so that 
10 the upper housing 102 can be folded on the lower hous- 
ing 103 via the hinge part 104. 

[0011] A display 109 is incorporated in the upper 
housing 102, an upper bottom board 207 is incorporated 
in the housing at the back side of the display 109, and 
15 an upper internal antenna element 205 is incorporated 
in the housing on a side of the upper bottom board 207 
opposite to the display 109. 

[00 1 2] However, the whip antenna is inconvenient be- 
cause it needs to be drawn from the housing when the 
20 folding cellular phone is used and needs to be retracted 
into the housing after use. And, the whip antenna has a 
problem in that such drawing and retraction may cause 
damage thereto. 

[0013] Thus, the folding cellular phone terminal has 
25 problems in that the whip antenna is burdensome be- 
cause it needs to be drawn and retracted and that the 
whip antenna is susceptible to damage due to such op- 
erations. 

[0014] In addition, in the folding cellular phone termi- 
30 nal shown in Figure 20, the upper internal antenna ele- 
ment 205, the upper bottom board 207 and the lower 
bottom board 208 constitute the upper internal antenna. 
In this case, the upper bottom board 207 and the lower 
bottom board 208 are electrically connected to each oth- 
35 er and serve as a bottom board of the upper internal 
antenna. 

[001 5] When the cellular phone terminal is folded, the 
antenna bottom board constituted by the upper bottom 
board 207 and the lower bottom board 208 is also fold- 

40 ed. Therefore, the length of the bottom board is about 
half of that at the time when the cellular phone terminal 
201 is not folded. In this case, if the upper bottom board 
207 is shorter than a quarter of a wavelength , there is 
no current standing wave on the bottom board for a de- 

45 sired frequency band, and thus, the bottom board less 
contributes to radiation of the radio wave from the an- 
tenna. 

[0016] Therefore, in order to use the upper internal 
antenna both in the states where the cellular phone ter- 

so minal 201 is folded and is not folded, the antenna needs 
to have such a wide-band characteristic as to accom- 
modate the difference in the impedance between the 
cases where it is folded and where it is not folded and 
the difference in the contribution of the bottom board to 

55 the radiation. 

[0017] That is, since the antenna of the folding cellular 
phone terminal needs to have a good characteristic both 
when the cellular phone terminal is folded and when it 
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is not folded, the upper internal antenna becomes large, 
and in particular, is increased in thickness. 
[0018] Even if components in the upper housing 102 
except for the upper internal antenna, such as display 
109, are reduced in thickness, the thick upper internal 
antenna prevents the upper housing 102 from being 
slimmed. Similarly, even if components in the lower 
housing 103 except for the lower internal antenna are 
reduced in thickness, the thick lower internal antenna 
prevents the lower housing 103 from being slimmed. 
Thus, folding portable radio terminals including the fold- 
ing cellular phone terminal have a problem in that they 
becomes thick if the internal antenna is used. 

SUMMARY OF THE INVENTION 

[0019] In consideration of the problems described 
above, an object of the present invention is to provide 
an antenna structure, a method of using the antenna 
structure and a communication device that eliminate the 
need to draw and retract an antenna when a folding port- 
able radio terminal is to be used. 
[0020] Furthermore, in consideration of the problems 
described above, an object of the present invention is 
to provide an antenna structure, a method of using the 
antenna structure and a communication device that en- 
able the folding cellular phone terminal to be further 
slimmed. 

[0021] The 1 st invention of the present invention is an 
antenna structure used in a folding portable radio termi- 
nal, comprising: 

a first antenna; and 
a second antenna, 

wherein said first antenna is used at least when 
said portable radio terminal is not folded, and 

said second antenna is used at least when said 
portable radio terminal is folded. 
[0022] The 2nd invention of the present invention is 
the antenna structure according to the 1st invention, 
wherein when said portable radio terminal is not folded, 
a diversity reception is carried out with said first antenna 
serving as a main antenna and said second antenna 
serving as a sub-antenna, and 

when said portable radio terminal is folded, a di- 
versity reception is carried out with said first antenna 
serving as a sub-antenna and said second antenna 
serving as a main antenna . 

[0023] The 3rd invention of the present invention is 
the antenna structure according to the 1st invention, 
wherein when said portable radio terminal is not folded, 
a diversity transmission is carried out with said first an- 
tenna serving as a main antenna and said second an- 
tenna serving as a sub-antenna, and 

when said portable radio terminal is folded, a di- 
versity transmission is carried out with said first antenna 
serving as a sub-antenna and said second antenna 



serving as a main antenna. 

[0024] The 4th invention of the present invention is 
the antenna structure according to th 1st invention, 
wherein said first antenna has a better characteristic 

5 when said portable radio terminal is not folded, and 

said second antenna has a better characteristic 
when said portable radio terminal is folded. 
[0025] The 5th invention of the present invention is 
the antenna structure according to the 1 st invention, fiir- 

10 ther comprising: 

a first housing part that incorporates a speaker of 
said portable radio terminal therein; and 
a second housing part that incorporates a micro- 
15 phone of said portable radio terminal therein, 

wherein said first housing part and said second 
housing part are capable of being folded, 

said first antenna is disposed in said first housing 
20 part, and 

said second antenna is disposed in said second 
housing part 

[0026] The 6th invention of the present invention is 
the antenna structure according to the 5th invention, 

25 wherein said first antenna is an internal antenna incor- 
porated in said first housing part, and 

said second antenna is an internal antenna incor- 
porated in said second housing part 
[0027] The 7th invention of the present invention is 

30 the antenna structure according to the 5th invention, 
wherein said first antenna comprises an antenna ele- 
ment and a bottom board for said antenna element. 
[0028] The 8th invention of the present invention is 
the antenna structure according to the 1st invention, 

35 wherein one of said first and second antennas, which is 
not used, serves as a passive element for the other, 
which is used. 

[0029] The 9th invention of the present invention is 
the antenna structure according to the 8th invention, 

40 wherein when said first housing part and said second 
housing part are folded on each other, for reception, di- 
versity reception is carried out at said first antenna and 
said second antenna, and for transmission, said second 
antenna is used with said first antenna serving as the 

45 passive element, and 

when said first housing part and said second hous- 
ing part are not folded on each other, for reception, di- 
versity reception is carried out at said first antenna and 
said second antenna, and for transmission, one of said 

so first and second antennas which has a higher reception 
level is used with the other , which has a lower reception 
level, serving as the passive element. 
[0030] The 10th invention of the present invention is 
the antenna structure according to the 8th invention, 

55 wherein when said first housing part and said second 
housing part are folded on each other, for reception, di- 
versity reception is carried out at said first antenna and 
said second antenna, and for transmission, one of said 
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first and second antennas which has a higher recepti n 
l vel is used with the other, which has a lower reception 
level, serving as the passiv el ment, and 

when said first housing part and said second hous- 
ing part are not folded on each other, for reception, di- 
versity reception is carried out at said first antenna and 
said second antenna, and for transmission, said first an- 
tenna is used with said second antenna serving as the 
passive element. 

[0031] The 11th invention of the present invention is 
the antenna structure according to the 8th invention, 
wherein when said first housing part and said second 
housing part are folded on each other, for reception, di- 
versity reception is carried out at said first antenna and 
said second antenna, and for transmission, said second 
antenna is used with said first antenna serving as the 
passive element, and 

when said first housing part and said second hous- 
ing part are not folded on each other, for reception, di- 
versity reception is carried out at said first antenna and 
said second antenna, and for transmission, said first an- 
tenna is used with said second antenna serving as the 
passive element. 

[0032] The 12th invention of the present invention is 
the antenna structure according to the 8th invention, 
wherein when said first housing part and said second 
housing part are folded on each other, for reception, di- 
versity reception is carried out at said first antenna and 
said second antenna, and for transmission, one of said 
first and second antennas which has a higher reception 
level is used with the other, which has a tower reception 
level, serving as the passive element, and 

when said first housing part and said second hous- 
ing part are not folded on each other, for reception, di- 
versity reception is carried out at said first antenna and 
said second antenna, and for transmission, one of said 
first and second antennas which has a higher reception 
level is used with the other , which has a lower reception 
level, serving as the passive element. 
[0033] The 13th invention of the present invention is 
an antenna structure used in a folding portable radio ter- 
minal, comprising: 

a first housing part that incorporates a speaker 
therein; 

a second housing part that incorporates a micro- 
phone therein; 
a first antenna; and 
a second antenna, 

wherein said first housing part and said second 
housing part are capable of being folded on each other, 

said first antenna includes an antenna element 
and a bottom board for said antenna element, 

said antenna element is disposed in said first 
housing part, 

said bottom board is disposed over said first hous- 
ing part and second housing part, 



for a low frequency band, said first antenna is used 
at least when said first housing part and said second 
housing part are not f Ided n each other, 

for said low frequency band, said second antenna 

5 is used at least when said first housing part and said 
second housing part are folded on each other, 

for a high frequency band, said first antenna is 
used at least when said first housing part and said sec- 
ond housing part are folded on each other, and 

io for said high frequency band, said second antenna 

is used at least when said first housing part and said 
second housing part are not folded on each other. 
[0034] The 14th invention of the present invention is 
the antenna structure according to the 13th invention, 

15 wherein for said low frequency band, said first antenna 
has a better characteristic when said first housing part 
and said second housing part are not folded on each 
other, and for said high frequency band, said first anten- 
na has a better characteristic when said first housing 

20 part and said second housing part are folded on each 
other, and 

for said low frequency band, said second antenna 
has a better characteristic when said first housing part 
and said second housing part are folded on each other, 
25 and for said high frequency band, said second antenna 
has a better characteristic when said first housing part 
and said second housing part are not folded on each 
other. 

[0035] The 15th invention of the present invention is 
30 the antenna structure according to the 8th invention, 
wherein said antenna which is not used has a load ad- 
justed so that said antenna which is used has a prede- 
termined directivity and a wide band frequency charac- 
teristic. 

35 [0036] The 16th invention of the present invention is 
the antenna structure according to the 1st invention, 
wherein a thickness of each of said first antenna and 
said second antenna is less than a thickness of said 
portable radio terminal determined by components 

40 thereof other than said first and second antennas. 
[0037] The 17th invention of the present invention is 
the antenna structure according to the 7th or 13th inven- 
tions, wherein a part of said first housing part and/or sec- 
ond housing part is conductive, and 

45 said conductive part is used as said bottom board. 

[0038] The 18th invention of the present invention is 
the antenna structure according to the 17th invention, 
wherein a part of said first housing part is not conductive, 
the part facing said antenna element and extending 

so away from a connection of said first housing part with 
said second housing part from an end of said antenna 
element opposite to the connection. 
[0039] The 19th invention of the present invention is 
the antenna structure according to the 17th invention, 

55 wherein a part of said first housing part which faces said 
second antenna when said first housing part and said 
second housing part are folded on each other is not con- 
ductive. 
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[0040] The 20th invention of the present inventi n is 
the antenna structure according to th 1st invention, 
wherein whole or a part of said first antenna and/or sec- 
ond antenna is filled with a dielectric. 
[0041] The 21st invention of the present invention is 
the antenna structure according to the 7th invention, fur- 
ther comprising: 

a display disposed in said first housing part, 

wherein said display and said antenna element 
face each other, and 

a part of said display is conductive and serves also 
as said bottom board. 

[0042] The 22nd invention of the present invention is 
the antenna structure according to the 21st invention, 
wherein said display includes a display main body, a 
frame disposed around said display main body and a 
reflection plate disposed at the back side of a screen of 
said display main body, and 

whole or a part of said reflection plate is conduc- 
tive and serves also as said bottom board. 
[0043] The 23rd invention of the present invention is 
the antenna structure according to the 21st invention, 
wherein said display includes a display main body and 
a frame disposed around said display main body, and 

whole or a part of said frame is conductive and 
serves also as said bottom board. 
{0044] The 24th invention of the present invention is 
the antenna structure according to the 1st invention, fur- 
ther comprising: 

a first housing part that incorporates a speaker of 
said portable radio terminal; and 
a second housing part that incorporates a micro- 
phone of said portable radio terminal, 

wherein said first housing part serves also as said 
first antenna, and 

said second antenna is a boom antenna disposed 
in said second housing part 

[0045] The 25th invention of the present invention is 
the antenna structure according to the 24th invention, 
wherein a part of said first housing part opposite to the 
side where the display is incorporated is made of a con- 
ductive material, and 

the part of said first housing part made of a con- 
ductive material serves also as said first antenna. 
[0046] The 26th invention of the present invention is 
the antenna structure according to the 25th invention, 
wherein said first housing part has a slit or slot formed 
in said part made of a conductive material, and 

said first antenna and said second antenna are 
used for a high frequency band and a low frequency 
band. 

[0047] The 27th invention of the present invention is 
a method of using an antenna structure used in a folding 
portable radio terminal, the antenna structure compris- 
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ing: 

a first antenna; and 
a second antenna, 

5 

wherein said first antenna is used at least when 
said portable radio terminal is not folded, and 

said second antenna is used at least when said 
portable radio terminal is folded. 
10 [0048] The 28th invention of the present invention is 
a method of using an antenna structure, the antenna 
structure comprising: 

a first housing part that incorporates a speaker 

15 therein; 

a second housing part that incorporates a micro- 
phone therein; 
a first antenna; and 
a second antenna, 

20 said first housing part and said second housing part 
being capable of being folded on each other, 
said first antenna including an antenna element and 
a bottom board, 

said antenna element being disposed in said first 
25 housing part, and 

said bottom board being disposed over said first 
housing part and second housing part, 

wherein for a low frequency band, said first anten- 
30 na is used at least when said first housing part and said 
second housing part are not folded on each other, 

for said low frequency band, said second antenna 
is used at least when said first housing part and said 
second housing part are folded on each other, 
35 for a high frequency band, said first antenna is 

used at least when said first housing part and said sec- 
ond housing part are folded on each other, and 

for said high frequency band, said second antenna 
is used at least when said first housing part and said 
40 second housing part are not folded on each other. 
[0049] The 29 invention of the present invention is a 
communication device, comprising: 

the antenna structure according to the 1 st invention; 
45 a transmitter circuit that outputs a transmission sig- 
nal to said first antenna or second antenna; and 
a receiver circuit that receives a reception signal re- 
ceived at said first antenna or second antenna. 

so [0050] The 30th invention of the present invention is 
a communication device, comprising: 

the antenna structure according to the 13th inven- 
tion; 

55 a transmitter circuit that outputs a transmission sig- 
nal to said first antenna or second antenna; and 
a receiver circuit that receiv s a reception signal re- 
ceived at said first antenna or second antenna. 



30 



35 



40 



6 



9 



EP 1 306 922 A2 



10 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0051] 

Figure 1 (a) is a front view of a cellular phone ter- 5 
minal according to a first embodiment of this inven- 
tion. 

Figure 1(b) is a side view of the cellular phone ter- 
minal according to the first embodiment of this in- 
vention. 10 
Figure 2 (a) is a front view of the cellular phone ter- 
minal according to second to fourth embodiments 
of this invention. 

Figure 2 (b) is a side view of the cellular phone ter- 
minal according to the second to fourth embodi- is 
ments of this invention. 

Figure 3(a) illustrates the cellular phone terminal 
according to the second embodiment of this inven- 
tion, which is folded and put in a breast pocket 
Figure 3(b) illustrates the cellular phone terminal 20 
according to the second embodiment of this inven- 
tion, which is folded and put in a table made of iron. 
Figure 4 (a) shows a specific example of an upper 
internal antenna according to the fourth embodi- 
ment of this invention at the time when the cellular 25 
phone terminal is not folded. 
Figure 4(b) shows a specific example of the upper 
internal antenna according to the fourth embodi- 
ment of this invention at the time when the cellular 
phone terminal is folded. 30 
Figure 5 is a Smith chart for the upper internal an- 
tenna according to the fourth embodiment of this in- 
vention shown \n Figure 4(a). 
Figure 6 shows a frequency characteristic of a 
VSWR of the upper internal antenna according to 35 
the fourth embodiment of this invention shown in 
Figure 4(a). 

Figure 7 is a Smith chart for the upper internal an- 
tenna according to the fourth embodiment of this in- 
vention shown in Figure 4(b). 40 
Figure 8(a) is a perspective view of a lower internal 
antenna according to the fourth embodiment of this 
invention at the time when the cellular phone termi- 
nal is not folded. 

Figure 8 (b) shows an antenna element of the lower 45 
internal antenna according to the fourth embodi- 
ment of this invention at the time when the cellular 
phone terminal is not folded, which is viewed in a 
direction P. 

Figure 8 (c) shows the antenna element of the lower 50 
internal antenna according to the fourth embodi- 
ment of this invention at the time when the cellular 
phone terminal is not folded, which is viewed in a 
direction Q. 

Figure 9 (a) is a perspective view of the lower inter- 55 
nal antenna according to the fourth embodiment of 
this invention at th time when the cellular phone 
terminal is folded. 



Figure 9 (b) shows an ant nna element of the I wer 
internal antenna according to the fourth embodi- 
ment of this invention at the time when the cellular 
phone terminal is not folded, which is viewed in a 
direction P. 

Figure 9 (c) shows the antenna element of the lower 
internal antenna according to the fourth embodi- 
ment of this invention at the time when the cellular 
phone terminal is not folded, which is viewed in a 
direction Q. 

Figure 10 shows the cellular phone terminal accord- 
ing to the embodiments of this invention with a part 
of an upper housing and a part of a lower housing 
being made of a conductive material. 
Figure 11 (a) is a front view of metal parts of the 
upper housing and lower housing of the cellular 
phone terminal according to the embodiments of 
this invention. 

Figure 11(b) is a side view of the metal parts of the 
upper housing and lower housing of the cellular 
phone terminal according to the embodiments of 
this invention. 

Figure 11(c) is a side view of the metal parts of the 
upper housing and lower housing of the cellular 
phone terminal according to the embodiments of 
this invention. 

Figure 12 shows a configuration of the upper inter- 
nal antenna of the cellular phone terminal according 
to a fifth embodiment of this invention. 
Figure 13 shows a configuration of the lower inter- 
nal antenna of the cellular phone terminal according 
to a fifth embodiment of this invention. 
Figure 14 shows another configuration of the lower 
internal antenna of the cellular phone terminal ac- 
cording to a fifth embodiment of this invention. 
Figure 15 (a) is a front view of the cellular phone 
terminal according to a sixth embodiment of this in- 
vention at the time when it is folded. 
Figure 15 (b) is a side view of the cellular phone 
terminal according to the sixth embodiment of this 
invention at the time when it is folded. 
Figure 16 (a) is a front view of the cellular phone 
terminal according to the sixth embodiment of this 
invention at the time when it is not folded. 
Figure 16(b) is a side view of the cellular phone ter- 
minal according to the sixth embodiment of this in- 
vention at the time when it is not folded. 
Figure 17 (a) is a front view of the cellular phone 
terminal according to the sixth embodiment of this 
invention which has a slot formed in a housing an- 
tenna thereof. 

Figure 17 (b) is a front View of the cellular phone 
terminal according to the sixth embodiment of this 
invention which has a slit formed in a housing an- 
tenna thereof. 

Figure 18 is a block diagram showing a configura- 
tion of a communication device according to a s v- 
enth embodiment of this invention. 
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Figure 19(a) is a schematic perspective view of an 
internal antenna of a conventional cellular ph ne 
terminal. 

Figure 1 9(b) is a schematic side view of the internal 
antenna of the conventional cellular phone terminal. 
Figure 20 (a) is a front view of the conventional fold- 
ing cellular phone terminal only having an internal 
antenna. 

Figure 20(b) is side view of the conventional folding 
cellular phone terminal only having an internal an- 
tenna. 

Description of Symbols 
[0052] 

101 CELLULAR PHONE TERMINAL 

102 UPPER HOUSING 

103 LOWER HOUSING 

104 HINGE PART 

105 UPPER INTERNAL ANTENNA ELEMENT 

106 LOWER INTERNAL ANTENNA ELEMENT 

107 UPPER BOTTOM BOARD 

1 08 LOWER BOTTOM BOARD 

109 DISPLAY 

110 KEY 

301a BOTTOM BOARD 

30 1 b BOTTOM BOARD 

302 ANTENNA ELEMENT 

303 FEEDING PART 

304 SHORT-CIRCUIT PART 
311a BOTTOM BOARD 
311b BOTTOM BOARD 

31 2 ANTENNA ELEMENT 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0053] Now, embodiments of the present invention 
will be described with reference to the drawings. 

(First Embodiment) 

[0054] First, a first embodiment will be described. 
[0055] Figures 1 (a) - (b) show configurations of fold- 
ing cellular phone terminals 201 according to this em- 
bodiment. The folding cellular phone terminal 201 has 
an internal antenna and includes no whip antenna. Fig- 
ure 1 (a) is a front view of the folding cellular phone ter- 
minal 201 , and Figure 1 (b) is a side view thereof. 
[0056] The folding cellular phone terminal 201 has an 
upper housing 102 and a lower housing 103 coupled 
with each other by a hinge part 104, and is configured 
so that the upper housing 1 02 can be folded on the lower 
housing 103 via the hinge part 104. The upper housing 
102 and the lower housing 103 are electrically connect- 
ed to each other via the hinge part 104. 
[0057] A display 109 is incorporated in th upper 
housing 102, an upp r bottom board 207 is incorporated 
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in the housing at the back side of the display 109, and 
an upper internal antenna element 205 is incorporated 
in the housing on a side of the upper bottom board 207 
opposite to the display 109. 

5 [0058] The upper internal antenna element 205 and 
the upper bottom board 207 constitute an upper internal 
antenna. The upper internal antenna is adjusted to have 
a good characteristic both when the folding cellular 
phone terminal 201 is folded and when it is not folded. 

10 [0059] A key 1 1 0 is incorporated in the lower housing 
103, and a lower bottom board 208 and a lower internal 
antenna element 206 are incorporated in the lower 
housing at the back side of the key 110. In addition, a 
microphone (not shown) for voice input is also incorpo- 

15 rated in the lower housing 103. 

[0060] The lower internal antenna element 206 and 
the lower bottom board 208 constitute a lower internal 
antenna. The lower internal antenna is adjusted to have 
a good characteristic both when the folding cellular 

20 phone terminal 201 is folded and when it is not folded. 
[0061] Then, an operation according to this embodi- 
ment will be described. 

[0062] The cellular phone terminal 201 carries out di- 
versity reception and transmission. 

25 [0063] That is , the upper internal antenna and the 
lower internal antenna are used for diversity reception. 
Therefore, the upper internal antenna and the lower in- 
ternal antenna are each used both when the folding cel- 
lular phone terminal 201 is folded and when it is not fbld- 

30 ed. 

[0064] Since the upper internal antenna and the lower 
internal antenna are adjusted to have a good character- 
istic both when the folding cellular phone terminal 201 
is folded and when it is not folded, it can relieve an in- 

35 stantaneous signal level drop due to a fading in a mul- 
tiple transmission environment, so that interception of 
communication can be avoided. 
[0065] Furthermore, since the cellular phone terminal 
201 includes no whip antenna, there is no need to draw 

40 the whip antenna from the housing of the cellular phone 
terminal 201 and retract the antenna into the housing 
each time the cellular phone terminal 201 is used. Thus, 
the cellular phone terminal 201 is simple to use, and 
there is no fear of damage to the antenna due to the 

45 drawing and retraction thereof. 

(Second Embodiment) 

[0066] Now, a second embodiment will be described. 

50 [0067] Figures 2(a)-2(b) show cellular phone termi- 
nals 101 according to this embodiment. Figure 2(a) is a 
front view of the cellular phone terminal 101, and Figure 
2(b) is a side view thereof. The cellular phone terminal 
101 is of a folding type, and the antenna thereof is only 

55 an internal antenna. 

[0068] The cellular phone terminal 101 has an upper 
housing 102 and a lower housing 103 coupled with each 
other by a hinge part 104, and is configured so that the 
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upper housing 102 can be folded on the lower housing 
103 via the hinge part 104. 

[0069] A display 109 is incorporated in the upp r 
housing 1 02, an upper bottom board 1 07 is incorporated 
in the housing at the back side of the display 109, and 
an upper internal antenna element 105 is incorporated 
in the housing on a side of the upper bottom board 107 
opposite to the display 109. The upper internal antenna 
element 105, the upper bottom board 107 and a lower 
bottom board 108 constitute an upper internal antenna. 
In this case, the upper bottom board 107 and the lower 
bottom board 1 08 are electrically connected to each oth- 
er and serve as a bottom board of the upper internal 
antenna. 

[0070] The upper internal antenna is adjusted to have 
a good characteristic when the cellular phone terminal 
101 is not folded. 

[0071] A key 1 1 0 is incorporated in the lower housing 
103, and the lower bottom board 108 and a lower inter- 
nal antenna element 106 are incorporated in the lower 
housing at the back side of the key 110. In addition, a 
microphone (not shown) for voice input is also incorpo- 
rated in the lower housing 103. 
[0072] The lower internal antenna element 106, the 
upper bottom board 1 07 and the lower bottom board 108 
constitute a lower internal antenna. In this case, the up- 
per bottom board 107 and the lower bottom board 108 
are electrically connected to each other and serve as a 
bottom board of the lower internal antenna. 
[0073] The lower internal antenna is adjusted to have 
a good characteristic when the cellular phone terminal 
101 is folded. 

[0074] Then, an operation according to this embodi- 
ment will be described. 

[0075] The cellular phone terminal 101 according to 
this embodiment carries out radio communication with 
abase station, not shown, using a frequency band of 800 
MHz-band. 

[0076] If the cellular phone terminal 101 is not folded, 
the upper internal antenna is used. That is, the upper 
internal antenna is supplied with power. On the other 
hand, if the cellular phone terminal 101 is folded, the 
lower internal antenna is used. That is, the lower internal 
antenna is supplied with power. 
[0077] When the cellular phone terminal 101 is used 
without being folded, the user of the cellular phone ter- 
minal 101 generally speaks over the telephone by hold- 
ing the lower housing 103. At this time, the upper hous- 
ing 102 is not held by a hand of the user or the like . 
Therefore, if the cellular phone terminal 101 is used 
without being folded, the upper internal antenna has a 
lower gain loss due to the effect of the human body than 
the lower internal antenna. Therefore, in this case, using 
the upper internal antenna can further reduce the gain 
loss due to the effect of the human body. 
[0078] On the other hand, when the cellular phone ter- 
minal 101 is used with being folded, the user of the cel- 
lular phone terminal 101 puts it in a breast pocket or on 



a desk, table or the like. In this case, since the cellular 
phone terminal 101 is folded, the upper internal antenna 
is not used, and th lower internal antenna is used. 
Here, in this case, if the upper internal antenna serves 

5 as a passive element for the lower internal antenna and 
is arranged to have a predetermined directivity and a 
wide band frequency characteristic, such a directivity 
that the intensity of the transmission wave is high in the 
predetermined direction and the wide band frequency 

10 characteristic can be provided. 

[0079] Figure 3 (a) shows the cellular phone terminal 
101 folded and put in a breast pocket. In Figure 3(a), a 
human breast is shown in a direction of P from the cel- 
lular phone terminal. If the lower housing 1 03 is located 

15 near to the human breast and the upper housing 102 is 
located far from the human breast, such a directivity that 
a transmission wave having a high intensity in the direc- 
tion opposite to the breast is emitted can be provided by 
making the upper internal antenna serve as a passive 

20 element and adjusting the load of the passive element 
Besides, it can be expected that a wide band frequency 
characteristic is provided by adjusting the coupling of 
electromagnetic fields of the upper internal antenna 
serving as a passive element and the lower internal an- 

25 tenna. Thus, when the cellular phone terminal 1 0 1 is put 
in the breast pocket in a state shown in Figure 3 (a) , the 
gain loss due to the effect of the human body can be 
suppressed. 

[0080] Figure 3 (b) shows the cellular phone terminal 

30 101 folded and put on a table made of iron, in Figure 3 
(b), the iron table is shown in a direction of Q. In this 
case, since the cellular phone terminal 101 is folded, the 
upper internal antenna is not used, and the lower inter- 
nal antenna is used, if the lower housing 103 is located 

35 near to the iron table and the upper housing 102 is lo- 
cated far from the iron table, such a directivity that a 
transmission wave having a high intensity in the direc- 
tion opposite to the iron table is emitted can be provided 
by making the upper internal antenna serve as a passive 

40 element and adjusting the load of the passive element 
Besides, it can be expected that a wide band frequency 
characteristic is provided by adjusting the coupling of 
electromagnetic fields of the upper internal antenna 
serving as a passive element and the lower internal an- 

45 tenna. Thus, when the cellular phone terminal 101 is put 
on the table in a state shown in Figure 3 (b) , the gain 
loss due to the effect of the table can be suppressed. 
[0081] Since the upper internal antenna is used when 
the cellular phone terminal 101 is not folded and is not 

so used when the cellular phone terminal 101 is folded, the 
upper internal antenna needs to be adjusted only to 
have a good characteristic when the cellular phone ter- 
minal 101 is not folded, and there is no need to adjust it 
to have a good characteristic when the cellular phone 

55 terminal 101 is folded. 

[0082] Similarly, since the lower internal ant nna is 
used when the cellular phone t rminal 101 is folded and 
is not used when the cellular phone terminal 101 is not 
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folded, the lower internal antenna needs to be adjusted 
only to have a good charact ristic when th cellular 
phone terminal 101 is folded, and th re is n need t 
adjust it to have a good characteristic when the cellular 
phone terminal 101 is not folded. 
[0083] Therefore, the upper internal antenna and the 
lower internal antenna require no conventional sophis- 
ticated adjustment, are enhanced in design flexibility, 
and can be downsized and slimmed. Therefore, a high 
performance antenna can be provided at a low cost 
[0084] In this embodiment described above, the cel- 
lular phone terminal 101 is used with a frequency band 
of 800 MHz-band. However, it may be used with another 
frequency band, such as 1.5 GHz-band. 
[0085] In this embodiment described above, the up- 
per internal antenna is incorporated in the upper hous- 
ing 102 and the lower internal antenna is incorporated 
in the lower housing 103. However, this invention is not 
limited thereto. The two internal antennas may be incor- 
porated in the upper housing 102, or may be incorpo- 
rated in the lower housing 103. What is essential is that 
one of the internal antennas is used when the cellular 
phone terminal is folded, and the other is used when the 
cellular phone terminal is not folded. 
{0086] In this embodiment described above, the lower 
internal antenna is not used when the cellular phone ter- 
minal 101 is not folded and the upper internal antenna 
is not used when the cellular phone terminal 101 is fold- 
ed. However, this invention is not limited thereto. If the 
degradation of the antenna characteristic of the upper 
internal antenna at the time when the cellular phone ter- 
minal 1 01 is folded compared with that at the time when 
the cellular phone terminal 101 is not folded is less than 
the instantaneous signal level variation due to the fading 
in the multiple transmission environment, it can be ex- 
pected, of course, that diversity reception at the upper 
internal antenna and the lower internal antenna relieves 
the instantaneous signal level drop due to the fading and 
prevents the communication from being intercepted. 
Furthermore, if the degradation of the antenna charac- 
teristic of the lower internal antenna at the time when 
the cellular phone terminal 101 is not folded compared 
with that at the time when the cellular phone terminal 
101 is folded is less than the instantaneous signal level 
variation due to the fading in the multiple transmission 
environment, it can be expected, of course, that diversity 
reception at the upper internal antenna and the lower 
internal antenna relieves the instantaneous signal level 
drop due to the fading and prevents the communication 
from being intercepted. 

[0087] In this way, when the cellular phone terminal 
101 is not folded, the diversity reception may be carried 
out with the upper internal antenna serving as a main 
antenna and the lower internal antenna serving as a 
sub-antenna, and when the cellular phone terminal 101 
is folded, the diversity reception may be carried out with 
the upper internal antenna serving as a sub-antenna 
andth lower internal antenna s rving as a main anten- 



na. Furthermore, when th cellular phone terminal 101 
is not folded, the diversity transmission may be carried 
out with the upp r internal antenna serving as a main 
antenna and the lower internal antenna serving as a 
5 sub-antenna, and when the cellular phone terminal 101 
is folded, the diversity transmission may be carried out 
with the upper internal antenna serving as a sub-anten- 
na and the lower internal antenna serving as a main an- 
tenna. 

10 [0088] Here, the "main antenna" means the antenna 
normally supplied with power, and the "sub-antenna" 
means the antenna supplied with power when the re- 
ception condition of the main antenna is degraded. Fur- 
thermore, the "diversity transmission" referred to in this 
15 embodiment means that the antenna used as the main 
antenna during the diversity reception is used as the 
transmitting antenna during transmission. Therefore, 
the diversity transmission in this embodiment may be 
applied to a case where the transmission frequency is 
20 different from the reception frequency. 

[0089] When the cellular phone terminal 101 is folded, 
for reception, the diversity reception may carried out 
with the upper internal antenna with a degraded char- 
acteristic and the lower internal antenna with a good 
25 characteristic, and for transmission, the transmission 
wave having a high intensity in a predetermined direc- 
tion may be emitted by using the lower internal antenna 
with the upper internal antenna serving as the passive 
element And when the cellular phone terminal 101 is 
30 not folded, for reception, the diversity reception may car- 
ried out with the upper internal antenna with a good 
characteristic and the lower internal antenna with a de- 
graded characteristic, and for transmission, one of the 
upper internal antenna and the lower internal antenna 
35 which has a higher reception level may be used with the 
other, which has a lower reception level, serving as the 
passive element. 

[0090] When the cellular phone terminal 1 01 is folded, 
for reception, the diversity reception may be carried out 
40 with the upper internal antenna and the lower internal 
antenna, and for transmission, one of the upper internal 
antenna and the lower internal antenna which has a 
higher reception level maybe used with the other, which 
has a lower reception level, serving as the passive ele- 
45 ment. And when the cellular phone terminal 101 is not 
folded, for reception, the diversity reception may be car- 
ried out with the upper internal antenna and the lower 
internal antenna, and for transmission, the upper inter- 
nal antenna may be used with the lower internal antenna 
so serving as the passive element. 

[0091] When the cellular phone terminal 1 01 is folded, 
for reception, the diversity reception may be carried out 
with the upper internal antenna and the lower internal 
antenna, and for transmission, the lower internal anten- 
55 na may be used with the upper internal antenna serving 
as the passive element. And when the cellular phone 
terminal 101 is not folded, for reception, the diversity re- 
ception may be carried out with the upper internal an- 
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tenna and the lower internal antenna, and for transmis- 
sion, th upper internal antenna may be used with the 
lower internal antenna serving as the passive element. 
[0092] When the cellular phone terminal 101 is folded, 
for reception, the diversity reception may be carried out 
with the upper internal antenna and the lower internal 
antenna, and for transmission, one of the upper internal 
antenna and the lower internal antenna which has a 
higher reception level may be used with the other, which 
has a lower reception level, serving as the passive ele- 
ment And when the cellular phone terminal 101 is not 
folded, for reception, the diversity reception may be car- 
ried out with the upper internal antenna and the lower 
internal antenna, and for transmission, one of the upper 
internal antenna and the lower internal antenna which 
has a higher reception level may be used with the other, 
which has a lower reception level, serving as the passive 
element 

(Third Embodiment) 

[0093] Now, a third embodiment will be described. 
[0094] Figure 2 shows a cellular phone terminal 101 
according to this embodiment. The cellular phone ter- 
minal 101 according to this embodiment is configured 
the same as that according to the second embodiment 
[0095] Avariation from the second embodiment is that 
the cellular phone terminal 101 according to the third 
embodiment is of a dual band type that can be used with 
two frequency bands of 800 MHz-band and 1.5 GHz- 
band. 

[0096] Except for this, the third embodiment is the 
same as the second embodiment 
[0097] Now, an operation according to this embodi- 
ment will be described primarily with reference to the 
variation from the second embodiment 
[0098] The cellular phone terminal 101 according to 
the third embodiment carries out radio communication 
with a base station, not shown, using frequency bands 
of 800 MHz-band and 1 .5 GHz-band. 
[0099] That is , when the cellular phone terminal 101 
is not folded, the upper internal antenna is used both in 
the 800 MHz-band and 1 .5 GHz-band. That is, the upper 
internal antenna is supplied with power. When the cel- 
lular phone terminal 101 is folded, the lower internal an- 
tenna is used both in the 800 MHz-band and 1.5 GHz- 
band. That is , the lower internal antenna is supplied 
with power. 

[01 00] In this way, also in the case where the two fre- 
quency band of 800 MHz-band and 1.5 GHz-band are 
used, the same effect as the second embodiment can 
be attained. 

[0101] Furthermore, since the upper internal antenna 
and the lower internal antenna are each used in the two 
frequency bands , it can be expected that the circuit in 
the cellular phone terminal 101 is scaled down com- 
pared with the case where each internal antenna is used 
in one frequency band. 



(Fourth Embodiment) 

[0102] Now, a fourth embodiment will be described. 
[0103] Figure 2 shows a cellular phone terminal 101 

5 according to this embodiment The cellular phone ter- 
minal 101 according to this embodiment Is configured 
the same as that according to the second embodiment 
[01 04] Figure 4 shows a specific example of the upper 
internal antenna. 

10 [0105] Figure 4 (a) shows the example of the upper 
internal antenna at the time when the cellular phone ter- 
minal 101 is not folded, and Figure 4(b) shows the ex- 
ample of the upper internal antenna at the time when 
the cellular. phone terminal 101 is folded. 

15 [0106] When the cellular phone terminal 101 is not 
folded, the upper internal antenna comprises a bottom 
board 301a, an antenna element 302, a feeding part 303 
and a short-circuit part 304. In the upper internal anten- 
na shown in Figure 4 (a) , the short-circuit part 304 is 

20 provided on an end of the bottom board 301a having a 
length of 140 mm and a width of 40 mm, and the antenna 
element 302 is supported by the short-circuit part 304 
and disposed 5 mm above the bottom board 301a. The 
antenna element 302 is connected to one end of the 

25 feeding part 303 for supplying power to the antenna el- 
ement 302 at a point in an edge thereof to which the 
short-circuit part 304 is attached and nearer to the cent- 
er of the bottom board 301 a. The other end of the feed- 
ing part 303 is connected to the bottom board 301a. The 

30 antenna element 302 has a slit extending in a width di- 
rection formed between the short-circuit part 304 and 
the feeding part 303 on the side thereof to which the 
short-circuit part 304 and the feeding part 303 are con- 
nected. In addition, it has two slits extending in a length 

35 direction. Thus, the upper internal antenna has the slits, 
the short-circuit part 304 and the feeding part 303 ad- 
justed in their positions to attain matching in the 800 
MHz-band. 

[01 07] When the cellular phone terminal 1 01 is folded, 

40 the upper internal antenna comprises a bottom board 
301b, the antenna element 302, the feeding part 303 
and the short-circuit part 304. The bottom board 301b 
of the lower internal antenna shown in Figure 4 (b) has 
a length of 70 mm and a width of 40mm. The length is 

45 shorter than that of the bottom board 301a shown in Fig- 
ure 4 (a). This is because the upper bottom board 107 
and the lower bottom board 1 08 are folded on each other 
when the cellular phone terminal 101 is folded. The re- 
mainder is the same as Figure 4(a). 

50 [0108] In this way, the upper internal antenna is con- 
figured as an inverted-F antenna in any case. 
[0109] When the cellular phone terminal 101 is not 
folded, the bottom board 301a is formed by electrically 
connecting the upper bottom board 107 and the lower 

55 bottom board 108, shown in Figure 2, to each other via 
the hinge part 104 as shown in Figure 4 (a). When the 
cellular phon terminal 101 is folded, the bottom board 
30 1 b is constituted by th upper bottom board 1 07 and 
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the lower bottom board 108 fold d on each other via th 
hinge part 104, as shown in Figure 4(b). 
[01 1 0] Figures 8 and 9 show an example of the lower 
internal antenna. 

[01 1 1] Figure 8 shows the example of the lower inter- 
nal antenna in the case where the cellular phone termi- 
nal 101 is not folded. Figure 8 (a) is a perspective view 
of the lower internal antenna in the case where the cel- 
lular phone terminal 1 01 is not folded, Figure 8 (b) shows 
an antenna element 312 viewed in a direction P in Figure 
8(a) and Figure 8(c) shows the antenna element 312 
viewed in a direction Q in Figure 8(a), that is, viewed 
from above a bottom board 311a. 
[0112] When the cellular phone terminal 101 is not 
folded, as shown in Figure 8(a), the lower internal an- 
tenna comprises the grounding bottom board 311a and 
the antenna element 312. That is, a feeding part 313 is 
provided on a longitudinal end of the bottom board 311a 
having a length of 100 mm and a width of 400 mm, and 
the antenna element 312 is connected to the feeding 
part 313. The antenna element 312 is a helical antenna 
that is connected to the feeding part 313 and has a spiral 
shape with bends shown in Figures 8(b) and 8(c). 
[0113] Figure 9 shows the example of the lower inter- 
nal antenna in the case where the cellular phone termi- 
nal 101 is folded. Figure 9(a) is a perspective view of 
the lower internal antenna in the case where the cellular 
phone terminal 101 is folded, Figure 9(b) shows the an- 
tenna element 312 viewed in the direction P in Figure 9 
(a) and Figure 9 (c) shows the antenna element 312 
viewed in the direction Q in Figure 9(a), that is, viewed 
from above the bottom board 311b. 
[01 14] As shown in Figure 9(a), the lower internal an- 
tenna comprises the bottom board 311b and the anten- 
na element 312. The bottom board 311b is half the 
length of the bottom board 311a in Figure 8(a). 
[0115] In this way, the lower internal antenna is con- 
figured as a helical antenna in any case. 
[0116] When the cellular phone terminal 101 is not 
folded, the bottom board 311a is formed by electrically 
connecting the upper bottom board 107 and the lower 
bottom board 108, shown in Figure 2, to each other via 
the hinge part 104 as shown in Figure 8 (a). When the 
cellular phone terminal 101 is folded, the bottom board 
311b is constituted by the upper bottom board 107 and 
the lower bottom board 108 folded on each other via the 
hinge part 104, as shown in Figure 9(a). 
[0117] Now, an operation according to this embodi- 
ment will be described. 

[0118] According to this embodiment, the upper bot- 
tom board 107 and the lower bottom board 108 are elec- 
trically connected to each other and form the bottom 
board 301a shown in Figure 4 (a) orijottom board 311a 
shown in Figure 8(a) when the cellular phone terminal 
101 is not folded. 

[0119] On the other hand, when th cellular phon ter- 
minal 101 is folded, th bottom board 301 b is constituted 
by th upper bottom board 107 and the lower bottom 



20 

board 108 folded on each other via the hinge part 104, 
as shown in Figure 4(b). When th cellular phon termi- 
nal 101 is folded, the bottom board 311b is constituted 
by the upper bottom board 107 and the lower bottom 
5 board 108 folded on each other via the hinge part 104, 
as shown in Figure 8(b). 

[01 20] In the 800 MHz-band, the upper internal anten- 
na is used when the cellular phone terminal 101 is not 
folded, and the lower internal antenna is used when the 

10 cellular phone terminal 101 is folded. 

[0121] The impedance characteristic and VSWR of 
such an upper internal antenna were measured by ex- 
periment. Figure 5 is a Smith chart showing an imped- 
ance characteristic of the upper internal antenna allow- 

15 ing for the part from the feeding part 303 to the antenna 
element 302 at the time when the cellular phone terminal 
101 is not folded. Figure 6 shows a VSWR (voltage 
standing wave ratio) thereof. As shown in Figure 5, the 
upper internal antenna has a good impedance charac- 

20 teristic in the vicinity of 900 MHz. Furthermore, as shown 
in Figure 6, the bandwidth for which the VSWR of the 
upper internal antenna is 2 or less is 109 MHz. In other 
words , the VSWR was 2 or less in the band from 838 
MHz to 947 MHz. Therefore, the center frequency of the 

25 band for which the VSWR is 2 or less was 893 MHz, and 
the resonance frequency at which the VSWR is mini- 
mized was 900 MHz. 

[0122] Figure 7 is a Smith chart showing an imped- 
ance characteristic of the upper internal antenna allow- 

30 ing for the part from the feeding part 303 to the antenna 
element 302 at the time when the cellular phone terminal 
101 is folded. Referring to the Smith chart in Figure 7, 
from 800 MHz to 1 GHz, there is no frequency band that 
provides a good impedance characteristic. 

35 [0123] That is, in the 800 MHz-band, the upper inter- 
nal antenna has a better characteristic when the cellular 
phone terminal 101 is not folded than when it is folded. 
[01 24] Thus, the upper internal antenna is adjusted to 
have a better characteristic when the cellular phone ter- 

<o minal 101 is not folded than when it is folded. Therefore, 
unlike the conventional upper internal antenna, there is 
no need to adjust the upper internal antenna to have a 
good characteristic in both states, so that it can be 
slimmed compared with the conventional upper internal 

45 antenna. 

[0125] For the lower internal antenna, when the cel- 
lular phone terminal 101 is not folded, the VSWR thereof 
allowing for the part from the feeding part 313 to the an- 
tenna element 312 was 4.5 at a frequency of 810 MHz 

50 and 4.6 at 960 MHz. On the other hand, when the cel- 
lular phone terminal 101 is folded, the VSWR thereof 
allowing for the part from the feeding part 313 to the an- 
tenna element 312 was 3.0 at a frequency of 810 MHz 
and 3.2 at 960 MHz. That is, the lower internal antenna 

55 has a better characteristic when the cellular phone ter- 
minal 101 is folded than when it is not folded 
[0126] Accordingly, when the cellular phon terminal 
101 is not folded, th upper internal antenna is used, 
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that is, the upp r internal antenna is supplied with pow- 
er. On the other hand, when the cellular phone terminal 
101 is folded, the low r internal ant nna is used, that is, 
the lower internal antenna is supplied with power. In this 
way, by using the lower internal antenna when the cel- 
lular phone terminal 101 is folded and using the upper 
internal antenna when the cellular phone terminal 101 
is not folded, the cellular phone terminal 101 can be 
slimmed further 

[01 27] In the fourth embodiment, as in the second em- 
bodiment, when the upper internal antenna is not used, 
if the upper internal antenna is made to serve as a pas- 
sive element for the lower internal antenna and is dis- 
posed to have a predetermined directivity and a wide 
band frequency characteristic, such a directivity that the 
intensity of the transmission wave is high in the prede- 
termined direction and the wide band frequency char- 
acteristic can be provided. Similarly, when the lower in- 
ternal antenna is not used, if the lower internal antenna 
is made to serve as a passive element for the upper in- 
ternal antenna and is disposed to have a predetermined 
directivity and a wide band frequency characteristic, 
such a directivity that the intensity of the transmission 
wave is high in the predetermined direction and the wide 
band frequency characteristic can be provided. 
[0128] In addition, if a space between the antenna el* 
ement 302 and the bottom board 301a of the upper in- 
ternal antenna shown in Figure 4 is filled with a dielec- 
tric, the strength of the upper internal antenna can be 
further increased, and the upper internal antenna can 
be further downsized owing to the wavelength shorten- 
ing effect of the dielectric. 

[0129] Similarly, if a space between the antenna ele- 
ment 312 and the bottom board 311a of the lower inter- 
nal antenna shown in Figures 8 and 9 is filled with a 
dielectric, the strength of the lower internal antenna can 
be further increased, and the lower internal antenna can 
be further downsized owing to the wavelength shorten- 
ing effect of the dielectric. 

[0130] As in the case of the internal antenna de- 
scribed in the Prior Art, the upper bottom board 107 and 
the lower bottom board 108 according to this embodi- 
ment can be constituted by a part of the substrate 1202 
and the shielding case 1206 electrically connected to 
each other. 

[0131] Furthermore, as shown in Figure 10, a part of 
the upper housing 102 of the cellular phone terminal 101 
may be made of a conductive material, such as a metal 
part 321, and a part of the lower housing 103 may be 
made of a conductive material, such as a metal part 322. 
Specifically, the metal part 321 of the upper housing 102 
may be made of a conductive material including a metal, 
such as magnesium, and the remaining part may be 
made of resin. Similarly, the metal part 322 of the lower 
housing 103 may be made of a conductive material in- 
cluding a metal, such as magnesium, and the remaining 
part may be made of resin. Then, the metal parts 321 
and 322 can be made to serve as the bottom board by 



electrically connecting the upper bottom board 107 to 
the metal part 321 and the lower bottom board 108 to 
the metal part 322. 

[01 32] This increases the area serving as the bottom 
5 board and decreases the maximum value of the current 
density, so that the SAR (specific absorption ratio) can 
be further reduced. 

[0133] Here, the SAR is to indicate a degree of the 
effect of the electromagnetic wave radiated from the cel- 

10 lular phone terminal 1 01 on a human body tissue. That 
is, it indicates an amount of absorbed thermal energy 
per unit tissue, the thermal energy being produced by a 
high frequency current induced in a quasi-human body 
by an electromagnetic wave radiated from the cellular 

1 5 phone terminal 101 . Therefore, the SAR can be reduced 
by decreasing the maximum value of the current flowing 
through the bottom board. 

[01 34] Figure 11 shows a detailed configuration of the 
metal parts 321 and 322. Figure 11 (a) is a front view of 
20 the cellular phone terminal 101 not folded, and Figure 
11 (b) is a side view thereof. Figure 11(c) is a side view 
of the cellular phone terminal 101 folded. The metal part 
321 is formed in such a manner that the lower internal 
antenna element 106 is spaced apart from the metal part 
25 321 when the cellular phone terminal 101 is folded. 
Therefore, the metal part 321 is formed in such a man- 
ner that it does not overlap with the lower internal an- 
tenna element 106 when the cellular phone terminal 101 
is folded. In the case where the lower antenna element 
30 106 is configured as a line antenna, such as a helical 
antenna, the lower internal antenna can have a wider 
band by keeping a distance between the lower antenna 
element 106 and the bottom board. 
[0135] In addition, the metal part 321 is formed in such 
35 a manner that no metal part exists beyond the upper 
end of the upper internal antenna 105. By disposing the 
upper internal antenna element 105 at the end of the 
bottom board, the impedance matching can be readily 
accomplished and a wide band characteristic can be 
40 provided. 

[0136] In this way, by designing the metal parts 321 
and 322 of the upper housing 102 and lower housing 
103 to provide the best antenna characteristic, the 
strength of the cellular phone terminal 101 can be tn- 
45 creased, and the antenna can be downsized and short- 
ened. 

[01 37] While the upper bottom board 1 07 of the upper 
internal antenna is provided in this embodiment, this in- 
vention is not limited thereto and a conductive part of 

50 the display 109 may serve also as the upper bottom 
board 107. For example, in the case where the display 
109 comprises a display main body, a frame provided 
around the display main body and a reflection plate pro- 
vided at the back side of the screen of the display main 

55 body, the reflection plate may be made of a conductive 
material to serve also as the upper bottom board 107. 
Alternatively, the frame may be made of a conductiv 
material to serve also as the upper bottom board 107. 



35 



13 



23 



EP 1 306 922 A2 



24 



Furthermore, whole or a part of the reflection plate, 
frame and upper housing may serve also as the upper 
bottom board 107. In such cases, th re is n need to 
provide the upper bottom board 1 07, and thus, the upper 
internal antenna can be further shortened. 
[01 38] As described above, according to this embod- 
iment, the upper internal antenna and the lower internal 
antenna are each used when the cellular phone terminal 
is folded or when it is not folded, and therefore, these 
antennas can be slimmed. Thus , the upper internal an- 
tenna and the lower internal antenna can have a thick- 
ness less than that determined by components other 
than the upper internal antenna and the lower internal 
antenna in the cellular phone terminal 101. As a result, 
the cellular phone terminal 101 can be further slimmed. 

(Fifth Embodiment) 

[0139] Now, a fifth embodiment will be described. 
[0140] Figure 2 shows a cellular phone terminal 101 
according to this embodiment. The cellular phone ter- 
minal 101 according to this embodiment is configured 
the same as in the second embodiment. 
[0141] Avariation from the second embodiment is that 
the cellular phone terminal 101 according to the fifth em- 
bodiment is of a dual band type that can be used with 
two frequency bands of 800 MHz-band and 1.5 GHz- 
band. 

[0142] Figure 12 shows a specific example of the up- 
per internal antenna. 

[0143] The upper internal antenna comprises a bot- 
tom board 401, an antenna element 402, a feeding part 
403. a first short-circuit part 404a, a second short-circuit 
part 404b and a switch circuit 405. 
[0144] Specifically, one end of the first short-circuit 
part 404a is connected to the bottom board 401, and 
one end of the second short-circuit part 404b is connect- 
ed to the bottom board 401 via the switch circuit 405. 
The other end of the first short-circuit part 404a and the 
other end of the second short-circuit part 404b are con- 
nected to the antenna element 402. One end of the feed- 
ing part 403 is connected to the antenna element 402 
and the other end thereof is connected to the bottom 
board 401. One terminal of the switch circuit 405 is con- 
nected to the bottom board 401 and another terminal 
thereof is connected to a reactance load 406. 
[0145] Figure 13 shows an example of the lower in- 
ternal antenna. 

[0146] In the lower internal antenna, an antenna ele- 
ment 412a, which is a helical antenna having a spiral 
shape with bends for the 800 MHz-band, is connected 
to a bottom board 411 via a feeding part 413a for the 
800 MHz-band, and an antenna element 412b, which is 
a helical antenna having a spiral shape with bends for 
the 1 .5 GHz-band, is connected to the bottom board 41 1 
via a feeding part 413b for the 1.5 GHz-band. That is, 
the lower internal antenna in Figure 13 is the lower in- 
ternal antenna shown in Figure 8 additionally provided 



with the antenna element for the 1.5 GHz-band. 
[0147] The lower internal antenna is configured as a 
helical antenna having a spiral shape with bends in any 
case. 

s [0148] The lower internal antenna may be one shown 
in Figure 14. The antenna shown in Figure 14 is the 
same as the antenna shown in Figure 13 except that 
parts equivalent to the antenna elements 41 2a and 412b 
in Figure 13 are in a spiral shape with no bend. 

10 [0149] When the cellular phone terminal 101 is not 
folded, as in the fourth embodiment, the bottom board 
411 is formed by electrically connecting the upper bot- 
tom board 107 and the lower bottom board 108, shown 
in Figure 2, to each other via the hinge part 104. When 

15 the cellular phone terminal 101 is folded, the bottom 
board 411 is constituted by the upper bottom board 107 
and the lower bottom board 108 folded on each other 
via the hinge part 104. 

[0150] Now, an operation according to this embodi- 
20 ment will be described. 

[0151] According to this embodiment, the upper bot- 
tom board 107 and the lower bottom board 108 are elec- 
trically connected to each other and form the bottom 
board 401 shown in Figure 12 or bottom board 411 
25 shown in Figure 1 3 when the cellular phone terminal 101 
is not folded. On the other hand, when the cellular phone 
terminal 101 is folded, the bottom board 401 is consti- 
tuted by the upper bottom board 107 and the lower bot- 
tom board 108 folded on each other via the hinge part 
30 104, as shown in Figure 12. When the cellular phone 
terminal 101 is folded, the bottom board 411 is consti- 
tuted by the upper bottom board 107 and the lower bot- 
tom board 108 folded on each other via the hinge part 
104, as shown in Figure 13. 
3$ [0152] In the 800 MHz-band, the upper internal anten- 
na is used when the cellular phone terminal 101 is not 
folded, and the lower internal antenna is used when the 
cellular phone terminal 101 is folded. 
[01 53] On the other hand, in the 1 .5GHz-band, the up- 
40 per internal antenna is used when the cellular phone ter- 
minal 101 is folded, and the lower internal antenna is 
used when the cellular phone terminal 101 is not folded. 
[0154] For the 800 MHz-band, the switch of the upper 
internal antenna is turned to the reactance load 406, and 
45 the upper internal antenna in Figure 12 is used as an 
inverted-F antenna. On the other hand, for the 1 .5 GHz- 
band, the switch of the upper internal antenna is turned 
to the terminal connected to the bottom board 401 to 
short-circuit the second short-circuit part 404b to the 
50 bottom board 401 . In this way, the upper internal anten- 
na in Figure 12 is used as an inverted-F antenna of two- 
points short-circuit type. 

[0155] As for the lower internal antenna, when used 
in the 800 MHz-band, the antenna element 41 2a is used 
55 by supplying power to the feeding part 41 3a. And, when 
used in the 1 .5 GHz-band, the antenna element 412b is 
used by supplying power to the feeding part 413b. 
[0156] Thus, in the frequency band of the 800 MHz- 
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band, the upper internal antenna has a better charac- 
teristic when the cellular phone terminal 101 is not fold- 
ed, and in the frequency band of the 1.5 GHz-band, it 
has a better characteristic when the cellular phone ter- 
minal 101 is folded. And, in the frequency band of the 
800 MHz-band, the lower internal antenna has a better 
characteristic when the cellular phone terminal 101 is 
folded, and in the frequency band of the 1.5 GHz-band, 
it has a better characteristic when the cellular phone ter- 
minal 101 is not folded. 

[0157] When the cellular phone terminal 101 is not 
folded, the upper internal antenna shown in Figure 12 
is used in the 800 MHz-band. In this case, the bottom 
board 401 is formed by electrically connecting the upper 
bottom board 107 and the lower bottom board 108 to 
each other. Since the bottom board 401 can have a suf- 
ficient size, the characteristic thereof can be improved. 
For the 1 .5 GHz-band, however, if the bottom board 401 
is formed by connecting the upper bottom board 1 07 and 
the lower bottom board 108 to each other, the bottom 
board 401 is too large, and thus, the band of the upper 
internal antenna becomes narrower. Thus, for the 1 .5 
GHz-band, the upper internal antenna is not used when 
the cellular phone terminal 101 is not folded, and the 
upper internal antenna is used only when the cellular 
phone terminal 101 is folded. 

[01 58] As described above, since a better one can be 
selected among conditions of the bottom board for each 
frequency, a wider band and a higher efficiency can be 
realized. 

(Sixth Embodiment) 

[0159] Figures 15 and 16 show a cellular phone ter- 
minal 501 according to a sixth embodiment The cellular 
phone terminal 501 according to this embodiment is of 
the folding type as in the embodiments described above. 
Figure 1 5(a) is a front view of the cellular phone terminal 
501 folded, and Figure 15(b) is a side view thereof. Fig- 
ure 16(a) is a front view of the cellular phone terminal 
501 not folded, and Figure 16 (b) is a side view thereof. 
[0160] The cellular phone terminal 501 has an upper 
housing 102 and a lower housing 103 coupled with each 
other by a hinge part 104, and is configured so that the 
upper housing 102 can be folded on the lower housing 
103 via the hinge part 104. 

[0161] The upper housing 102 has a display 109 in- 
corporated therein and a sound hole 502 for audio out- 
put formed therein. The back side of the upper housing 
102 opposite to the display 109 is made of a metal, such 
as magnesium, to constitute a housing antenna 102a. 
In this case, the housing antenna 102a and the lower 
bottom board 108 are electrically separated from each 
other, and the lower bottom board 108 serves as the bot- 
tom board of the housing antenna 102a. 
[0162] The housing antenna 1 02a is adjusted to have 
a good characteristic when the cellular phone terminal 
501 is not folded. 



[0163] The lower housing 103 has a key 110 incorpo- 
rated therein, a lower bottom board 108 incorporated 
therein at the back sid of the key 110, and a micro- 
phone 504 for audio input incorporated therein on the 

5 side of the key 110 opposite to the hinge part 104. In 
addition, a boom antenna 505 is disposed on the side 
of the hinge part 104 opposite to the key 110. The tower 
bottom board 108 serves also as a bottom board of the 
boom antenna. 

10 [0164] The boom antenna 505 is adjusted to have a 
good characteristic when the cellular phone terminal 
501 is folded. 

[0165] Then, an operation according to this embodi- 
ment will be described. 
is [0166] The cellular phone terminal 501 according to 
this embodiment carries out radio communication with 
a base station, not shown, using the frequency band of 
the 800 MHz-band. 

[0167] If the cellular phone terminal 501 is not folded, 

20 the housing antenna 102a is used. That is, the housing 
antenna 102a is supplied with power. On the other 
hand, if the cellular phone terminal 501 is folded, the 
boom antenna 505 is used. That is, the boom antenna 
505 is supplied with power. 

25 [0168] When the cellular phone terminal 501 is used 
without being folded, the user of the cellular phone ter- 
minal 501 generally speaks over the telephone by hold- 
ing the lower housing 1 03. At this time, the upper hous- 
ing 102 is not held by a hand of the user or the like . 

30 Therefore , if the cellular phone terminal 501 is used 
without being folded, the housing antenna 102a has a 
lower gain loss due to the effect of the human body than 
the boom antenna 505. Therefore, in this case, using 
the housing antenna 102a can further reduce the gain 

35 loss due to the effect of the human body. 

[0169] On the other hand, when the cellular phone ter- 
minal 501 is used with being folded, the user of the cel- 
lular phone terminal 501 puts it in a breast pocket or on 
a desk, table or the like. In this case, since the cellular 

40 phone terminal 501 is folded, the housing antenna 102a 
is not used, and the boom antenna 505 is used. 
[0170] Since the housing antenna 102a is used when 
the cellular phone terminal 501 is not folded and is not 
used when the cellular phone terminal 501 is folded, the 

45 housing antenna 1 02a needs to be adjusted only to have 
a good characteristic when the cellular phone terminal 
501 is not folded, and there is no need to adjust it to 
have a good characteristic when the cellular phone ter- 
minal 501 is folded. 

so [0171] Similarly, since the boom antenna 505 is used 
when the cellular phone terminal 501 is folded and is not 
used when the cellular phone terminal 501 is not folded, 
the boom antenna 505 needs to be adjusted only to have 
a good characteristic when the cellular phone terminal 

55 501 is folded, and there is no need to adjust it to have 
a good characteristic when the cellular phone terminal 
501 is not folded. 

[0172] Ther fore, the housing antenna 102a and the 
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boom antenna 505 require no conventional sophisticat- 
ed adjustment, are enhanced in design flexibility, and 
can be downsized and slimmed. Therefore, a high per- 
formance antenna can be provided at a low cost Fur- 
thermore, since a part of the upper housing 102 is made 
of a metal, such as magnesium, so that the housing an- 
tenna 102a serves as the housing and the antenna, 
there is no need to provide a separate upper antenna 
element in the upper housing 102, and the upper hous- 
ing 102 can be shortened accordingly. 
[01 73] Alternatively, a part of the upper housing on the 
side of the display 109 may be made of a metal to serve 
also as an antenna element. If the part of the upper 
housing on the side of the display 109 may be made of 
a metal to serve also as an antenna element, the 
strength of the display 109 can advantageously in- 
creased. However, if the back side of the upper housing 
opposite to the display 109 is made of a metal, such as 
magnesium, to constitute the housing antenna 102a 
serving as the housing and the antenna as described in 
this embodiment, the distance between the housing an- 
tenna 102a and an ear of the user is increased com- 
pared to the case where the part of the upper housing 
on the side of the display 109 may be made of a metal 
to serve also as an antenna element. Therefore, a re- 
duced current flows through the ear, so that the effect 
of the current on the user's body can be reduced. 
[0174] If the back side of the upper housing 102 is 
made of a metal, such as magnesium, to constitute the 
housing antenna 102a, the display 109 is made of resin 
and the holder (frame) of the display 109 is made of a 
metal, the mechanical strength and stability of the cel- 
lular phone terminal 501 can be increased. 
[0175] In this embodiment described above, the cel- 
lular phone terminal 501 communicates with a base sta- 
tion, not shown with the frequency band of the 800 MHz- 
band. However, it may be used with two frequency 
bands of the 800 MHz-band and the 1.5 GHz-band. 
[0176] Figures 17(a) and 17(b) show housing anten- 
nas 102b and 102c, respectively, that can be used with 
the two frequency bands. The housing antenna 102b 
shown in Figure 17(a) has a slot 506 having a length of 
about 7J2, where the wavelength for the 1.5 GHz-band 
is X. The housing antenna 102c shown in Figure 17 (b) 
has a slit 507 having a length of about A/4, where the 
wavelength for the 1 .5 GHz-band is X. 
[01 77] In this way, owing to the configuration that en- 
ables the housing antennas 102b, 102c to be used with 
two frequency bands and a matching circuit provided in 
a radio circuit in the cellular phone terminal 501, the 
housing antennas 102b and 102c can be matched with 
the radio circuit even if switching between the two fre- 
quency bands is done. 

[0178] In this embodiment described above, the cel- 
lular phone terminal 50 1 is used with the frequency band 
of the 800 MHz-band. However, it may be used with an- 
other fr quency band, such as 1.5 GHz-band. 
[01 79] In this embodiment described above, the hous- 



ing antenna is used with the tw frequency bands of the 
800 MHz-band and the 1.5 GHz-band. However, this 
embodiment may be applied to a case where it is used 
with two frequency bands other than the 800 MHz-band 
5 and the 1.5 GHz-band. 

[01 80] In this embodiment described above, the boom 
antenna 505 is not used when the cellular phone termi- 
nal 501 is not folded and the housing antenna 102a is 
not used when the cellular phone terminal 501 is folded. 
10 However, this invention is not limited thereto. If the var- 
iation between the characteristic of the boom antenna 
505 at the time when the cellular phone terminal 501 is 
not folded and the characteristic of the housing antenna 
102a at the time when the cellular phone terminal 501 
15 is not folded is less than the instantaneous signal level 
variation due to the fading in the multiple transmission 
environment, it can be expected, of course, that diversity 
reception at the housing antenna 102a and the boom 
antenna 505 relieves the instantaneous signal level 
20 drop due to the fading and prevents the communication 
from being intercepted. Furthermore, if the variation be- 
tween the characteristic of the housing antenna 102a at 
the time when the cellular phone terminal 501 is folded 
and the characteristic of the boom antenna 505 at the 
25 time when the cellular phone terminal 501 is folded is 
less than the instantaneous signal level variation due to 
the fading in the multiple transmission environment, it 
can be expected, of course, that diversity reception at 
the housing antenna 102a and the boom antenna 505 
30 relieves the instantaneous signal level drop due to the 
fading and prevents the communication from being in- 
tercepted. 

{0181] In this way, when the cellular phone terminal 
501 is not folded, the diversity reception may be carried 
35 out with the housing antenna 102a serving as a main 
antenna and the boom antenna 505 serving as a sub- 
antenna, and when the cellular phone terminal 501 is 
folded, the diversity reception may be carried out with 
the housing antenna 102a serving as a sub-antenna and 
*o the boom antenna 505 serving as a main antenna . 
Furthermore , when the cellular phone terminal 501 is 
not folded, the diversity transmission may be carried out 
with the housing antenna 102a serving as a main an- 
tenna and the boom antenna 505 serving as a sub-an- 
45 tenna, and when the cellular phone terminal 501 is fold- 
ed, the diversity transmission may be carried out with 
the housing antenna 1 02a serving as a sub-antenna and 
the boom antenna 505 serving as a main antenna . 
Here, the main antenna and the sub-antenna are the 
50 same as those described in the first embodiment. 

(Seventh Embodiment) 

[0182] Now, a seventh embodiment will be described. 
55 Figure 1 8 is a block diagram showing a communication 
device 1001 according to this embodiment. An xampl 
of th communication device 1001 is a cellular phon 
terminal. In Figure 18, a transmission signal output from 
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a transmitter circuit is transmitted to a mixer 1003 
through a filter 1002. The transmission signal input to 
the mixer 1003 is up-converted with a local signal from 
an oscilator 1004 and transmitted to an antenna 1009a 
or 1009b through a transmission filter 1005, an amplifier 
1006, a transmission filter 1007 and a switch 1008. A 
reception signal received by the antenna 1009a or 
1009b is input to a mixer 1013 via the switch 1008, a 
reception filter 1010, an amplifier 1011 and a reception 
filter 1012. The reception signal input to the mixer 1013 
is down-converted with a local signal from the oscilator 
1004 and transmitted to a receiver circuit through a filter 
1014. 

[0183] Here, by using the upper internal antenna and 
the lower internal antenna described above in the em- 
bodiments as the antennas 1009a and 1009b, respec- 
tively, the communication device can be shortened. Al- 
ternatively, by using the housing antenna and the boom 
antenna as the antennas 1009a and 1009b, respective- 
ly, the communication device can be shortened. 
[01 84] While the switch 1 008, connected to the anten- 
nas 1009a and 1009b, separates the transmission sig- 
nal and the reception signal in this embodiment, it may 
be replaced with a duplexer. 

[01 85] This invention includes the communication de- 
vice comprising the antenna structure according to this 
invention, the transmitter circuit that outputs the trans- 
mission signal to the first or second antenna, and the 
receiver circuit that receives the reception signal re- 
ceived by the first or second antenna. 
[0186] As described above, by using a plurality of an- 
tennas each of which exhibits a good characteristic 
when the cellular phone terminal is used with being fold- 
ed or without being folded, the antenna can be down- 
sized and slimmed and a slimmed cellular phone termi- 
nal can be provided compared to the case where one 
antenna is configured to exhibit a satisfactory charac- 
teristic when the cellular phone terminal is used with be- 
ing folded and without being folded. 
[0187] The upper internal antenna according to this 
embodiment is an example of a first antenna according 
to this invention, the lower internal antenna according 
to this embodiment is an example of a second antenna 
according to this invention, the upper housing according 
to this embodiment is an example of a first housing part 
according to this invention, the lower housing according 
to this embodiment is an example of a second housing 
part according to this invention, the 800 MHz-band in 
this embodiment is an example of a low frequency band 
in this invention, and the 1.5 GHz-band in this embodi- 
ment is an example of a high frequency band in this in- 
vention. 

[0188] As can be seen from the above description, 
this invention can provide an antenna structure that en- 
ables a folding cellular phone terminal to be slimmed 
further, a method of using the antenna structure and a 
communication device. 



Claims 

1. An antenna structure used in a folding portable ra- 
dio terminal, comprising: 

5 

a first antenna; and 
a second antenna, 

wherein said first antenna is used at least 
10 when said portable radio terminal is not folded, and 
said second antenna is used at least when 
said portable radio terminal is folded. 

2. The antenna structure according to claim 1 , wherein 
15 when said portable radio terminal is not folded, a 

diversity reception is carried out with said first an- 
tenna serving as a main antenna and said second 
antenna serving as a sub-antenna, and 

when said portable radio terminal is folded, a 
20 diversity reception is carried out with said first an- 
tenna serving as a sub-antenna and said second 
antenna serving as a main antenna . 

3. The antenna structure according to claim 1 , wherein 
25 when said portable radio terminal is not folded, a 

diversity transmission is carried out with said first 
antenna serving as a main antenna and said second 
antenna serving as a sub-antenna, and 

when said portable radio terminal is folded, a 
30 diversity transmission is earned out with said first 
antenna serving as a sub-antenna and said second 
antenna serving as a main antenna. 

4. The antenna structure according to claim 1 , wherein 
35 said first antenna has a better characteristic when 

said portable radio terminal is not folded, and 

said second antenna has a better character- 
istic when said portable radio terminal is folded. 

40 5. The antenna structure according to claim 1, further 
comprising: 

a first housing part that incorporates a speaker 
of said portable radio terminal therein; and 
45 a second housing part that incorporates a mi- 

crophone of said portable radio terminal there- 
in, 



wherein said first housing part and said sec- 
50 ond housing part are capable of being folded, 

said first antenna is disposed in said first 
housing part, and 

said second antenna is disposed in said sec- 
ond housing part. 

55 

6. The antenna structure according to claim 5, wh rein 
said first antenna is an internal antenna incorporat- 
ed in said first housing part, and 
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said s cond antenna is an internal antenna in- 
corporated in said second housing part 

7. The antenna structure according to claim 5, wherein 
said first antenna comprises an antenna element 
and a bottom board for said antenna element 

8. The antenna structure according to claim 1 , wherein 
one of said first and second antennas, which is not 
used, serves as a passive element for the other, 
which is used. 

9. The antenna structure according to claim 8, wherein 
when said first housing part and said second hous- 
ing part are folded on each other, for reception, di- 
versity reception is carried out at said first antenna 
and said second antenna, and for transmission, 
said second antenna is used with said first antenna 
serving as the passive element, and 

when said first housing part and said second 
housing part are not folded on each other, for re- 
ception, diversity reception is carried out at said first 
antenna and said second antenna, and for trans- 
mission, one of said first and second antennas 
which has a higher reception level is used with the 
other, which has a lower reception level, serving as 
the passive element 



1 0. The antenna structure according to claim 8, wherein 
when said first housing part and said second hous- 30 
ing part are folded on each other, for reception, di- 
versity reception is carried out at said first antenna 
and said second antenna, and for transmission, one 

of said first and second antennas which has a high- 
er reception level is used with the other, which has 35 
a lower reception level, serving as the passive ele- 
ment, and 

when said first housing part and said second 
housing part are not folded on each other, for re- 
ception, diversity reception is carried out at said first *o 
antenna and said second antenna, and for trans- 
mission, said first antenna is used with said second 
antenna serving as the passive element. 

11. The antenna structure according to claim 8, wherein 45 
when said first housing part and said second hous- 
ing part are folded on each other, for reception, di- 
versity reception is carried out at said first antenna 
and said second antenna, and for transmission, 
said second antenna is used with said first antenna so 
serving as the passive element, and 

when said first housing part and said second 
housing part are not folded on each other, for re- 
ception, diversity reception is carried out at said first 
antenna and said second antenna, and for trans- $$ 
mission, said first antenna is used with said second 
antenna serving as the passive element 



1 2. The antenna structure according to claim 8, wherein 
when said first housing part and said second hous- 
ing part are folded on each other, for recepti n, di- 
versity reception is carried out at said first antenna 

5 and said second antenna, and for transmission, one 
of said first and second antennas which has a high- 
er reception level is used with the other, which has 
a lower reception level, serving as the passive ele- 
ment, and 

10 when said first housing^part and said second 

housing part are not folded on each other, for re- 
ception, diversity reception is carried out at said first 
antenna and said second antenna, and for trans- 
mission, one of said first and second antennas 

15 which has a higher reception level is used with the 
other, which has a lower reception level, serving as 
the passive element 

13. An antenna structure used in a folding portable ra- 
20 dio terminal, comprising: 



a first housing part that incorporates a speaker 
therein; 

a second housing part that incorporates a mi- 
crophone therein; 
a first antenna; and 
a second antenna, 



wherein said first housing part and said sec- 
ond housing part are capable of being folded on 
each other, 

said first antenna includes an antenna ele- 
ment and a bottom board for said antenna element, 

said antenna element \s disposed in said first 
housing part, 

said bottom board is disposed over said first 
housing part and second housing part, 

for a tow frequency band, said first antenna is 
used at least when said first housing part and said 
second housing part are not folded on each other, 

for said low frequency band, said second an- 
tenna is used at least when said first housing part 
and said second housing part are folded on each 
other, 

for a high frequency band, said first antenna 
is used at least when said first housing part and said 
second housing part are folded on each other, and 

for said high frequency band, said second an- 
tenna is used at least when said first housing part 
and said second housing part are not folded on 
each other. 

14. The antenna structure according to claim 13, 
wherein for said low frequency band, said first an- 
tenna has a better characteristic when said first 
housing part and said second housing part are not 
folded on each other, and for said high frequency 
band, said first antenna has a better characteristic 
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when said first housing part and said second hous- 
ing part are folded on each other, and 

for said low frequency band, said second an- 
tenna has a better characteristic when said first 
housing part and said second housing part are fold- 
ed on each other, and for said high frequency band, 
said second antenna has a better characteristic 
when said first housing part and said second hous- 
ing part are not folded on each other. 

1 5. The antenna structure according to claim 8, wherein 
said antenna which is not used has a toad adjusted 
so that said antenna which is used has a predeter- 
mined directivity and a wide band frequency char- 
acteristic. 

1 6. The antenna structure according to claim 1 , wherein 
a thickness of each of said first antenna and said 
second antenna is less than a thickness of said port- 
able radio terminal determined by components 
thereof other than said first and second antennas. 

17. The antenna structure according to claim 7 or 13, 
wherein a part of said first housing part and/or sec- 
ond housing part is conductive, and 

said conductive part is used as said bottom 
board. 

18. The antenna structure according to claim 17, 
wherein a part of said first housing part is not con- 
ductive, the part facing said antenna element and 
extending away from a connection of said first hous- 
ing part with said second housing part from an end 
of said antenna element opposite to the connection. 

19. The antenna structure according to claim 17, 
wherein a part of said first housing part which faces 
said second antenna when said first housing part 
and said second housing part are folded on each 
other is not conductive. 

20. The antenna structure according to claim 1 , wherein 
whole or a part of said first antenna and/or second 
antenna is filled with a dielectric. 

21. The antenna structure according to claim 7, further 
comprising: 

a display disposed in said first housing part, 

wherein said display and said antenna ele- 
ment face each other, and 

a part of said display is conductive and serves 
also as said bottom board. 

22. The antenna structure according to claim 21, 
wher in said display includes a display main body, 
a fram disposed around said display main body 



and a reflection plate disposed at the back side of 
a sere n of said display main body, and 

whole or a part of said reflection plate is con- 
ductive and serves also as said bottom board. 

5 

23. The antenna structure according to claim 21, 
wherein said display includes a display main body 
and a frame disposed around said display main 
body, and 

10 whole or a part of said frame is conductive and 

serves also as said bottom tooard. 

24. The antenna structure according to claim 1 , further 
comprising: 

15 

a first housing part that incorporates a speaker 
of said portable radio terminal; and 
a second housing part that incorporates a mi- 
crophone of said portable radio terminal, 

20 

wherein said first housing part serves also as 
said first antenna, and 

said second antenna is a boom antenna dis- 
posed in said second housing part 

25 

25. The antenna structure according to claim 24, 
wherein a part of said first housing part opposite to 
the side where the display is incorporated is made 
of a conductive material, and 

30 the part of said first housing part made of a 

conductive material serves also as said first anten- 
na. 

26. The antenna structure according to claim 25, 
35 wherein said first housing part has a slit or slot 

formed in said part made of a conductive material, 
and 

said first antenna and said second antenna 
are used for a high frequency band and a low fre- 
40 quency band. 

27. A method of using an antenna structure used in a 
folding portable radio terminal, the antenna struc- 
ture comprising: 

45 

a first antenna; and 
a second antenna, 

wherein said first antenna is used at least 
so when said portable radio terminal is not folded, and 
said second antenna is used at least when 
said portable radio terminal is folded. 

28. A method of using an antenna structure, the anten- 
55 na structure comprising: 

a first housing part that incorporates a speak r 
therein; 
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a second housing part that incorporates a mi- 
crophone therein; 
a first antenna; and 
a second antenna, 

said first housing part and said second housing 5 
part being capable of being folded on each oth- 
er, 

said first antenna including an antenna element 
and a bottom board, 

said antenna element being disposed in said 10 
first housing part, and 

said bottom board being disposed over said 
first housing part and second housing part, 

wherein for a low frequency band, said, first is 
antenna is used at least when said first housing part 
and said second housing part are not folded on 
each other, 

for said low frequency band, said second an- 
tenna is used at least when said first housing part 20 
and said second housing part are folded on each 
other, 

for a high frequency band, said first antenna 
is used at least when said first housing part and said 
second housing part are folded on each other, and 25 

for said high^requency band, said second an- 
tenna is used at least when said first housing part 
and said second housing part are not folded on 
each other. 

30 

29. A communication device, comprising: 

the antenna structure according to claim 1; 
a transmitter circuit that outputs a transmission 
signal to said first antenna or second antenna; 35 
and 

a receiver circuit that receives a reception sig- 
nal received at said first antenna or second an- 
tenna. 

40 

30. A communication device, comprising: 

the antenna structure according to claim 13; 
a transmitter circuit that outputs a transmission 
signal to said first antenna or second antenna; 45 
and 

a receiver circuit that receives a reception sig- 
nal received at said first antenna or second an- 
tenna. 
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Fig. I (a) 



Fig. I (b) 



205— 



201 



-207 




3/— 206 



109— 



n 



201 



104 

no 




5! 



Si 



..205 
^102 
-207 

4-208 



—103 
—206 



21 



EP 1 306 922 A2 



Fig. 2 (a) 



Fig. 2 (b) 
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Fig. 7 
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Fig. 9(a) 




Fig. 9(b) Fig. 9(c) 
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Fig. 12 
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Fig. 13(a) 




411 



Fig. 13(b) Fig. 13(c) 
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Fig. 14 
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Fig. 15 (a) 



Fig. 15 (b) 
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Fig. 17(a) 



Fig. 17 (b) 
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Fig. 19 (a) 
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